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(57) ABSTRACT

A serpentine delay line structure for reducing the common-
mode noise 1s provided to a substrate having a layout layer, a
first dielectric layer, a second dielectric layer, and a grounding
layer. The serpentine delay line structure includes a first ser-
pentine delay line pair, a second serpentine delay line pair, a
third serpentine delay line pair, a first transition serpentine
delay line pair, and a second transition serpentine delay line
pair. The first serpentine delay line pair and the second ser-
pentine delay line pair on the layout layer are electrically
connected to the first transition serpentine delay line pair on
the first dielectric layer through corresponding vertical vias.
The second serpentine delay line pair and the third serpentine
delay line pair on the layout layer are electrically connected to
the second transition serpentine delay line pair on the first
dielectric layer through corresponding vertical vias.

7 Claims, 9 Drawing Sheets
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1
SERPENTINE DELAY LINE STRUCTURE

This application claims the benefit of Tatwan Patent Appli-
cation Serial No. 103112335, filed Apr. 2, 2014, the subject
matter of which 1s incorporated herein by reference. d

BACKGROUND OF INVENTION

1. Field of the Invention

The invention relates to a serpentine delay line structure,
and more particularly to a serpentine delay line structure that
includes plural winding serpentine delay line pairs mounted
on the dielectric layer.

2. Description of the Prior Art

As communication technology prospers, various high-ire-
quency electronic products appear and become the main-
stream products 1n the marketplace. Also, the transmission
speed of digital signals has increased dramatically. However,
some communication problems for this high-trequency high-
speed electronic industry, such as electromagnetic interfer-
ence (EMI), electromagnetic compatibility (EMC), signal
integrity (SI), power integrity (PI), and so on, are raised due to
the 1ncrease 1n the transmission speed, and these problems
affect the signal quality and integrity of the related circuits. 25

In addition, 1n a high-frequency system, the conventional
single-ended signal wire can no longer meet the system’s
requirements, and thus, cannot ensure proper signal integrity.
Theretfore, for a modern high-frequency high-speed digital
system, a method of applying differential signal line pairs to 30
process the signal transmission 1s usually introduced to over-

come the problems 1n common-mode noise and noise inter-
terence. Currently, various mainstream specifications for this

method, including HDMI (High Definition Multimedia Inter-
tace 1.4/5 Gb/s), SATA (Serial Advanced Technology Attach- 35
ment), USB3.0, PCI Express, Thunderbolt™, and so on, are
all the application of the differential mode transmission. Nev-
ertheless, 1f the differential signal line pair 1s not properly
arranged, timing of the received signal would be unsynchro-
nized, and thus the common-mode noise would be induced. 40
For example, refer to FIG. 1 for a conventional structure of
a differential serpentine delay line. The serpentine delay line
1s usually seen on the printed circuit board for the aforesaid
high-frequency high-speed products. As shown, the differen-
tial serpentine delay line PA1 consists two serpentine delay 45
lines PA11 and PA12, in which the serpentine delay lines
PA11 and PA12 are repeatedly bent on the substrate PA100.
However, since the travel paths for these two serpentine
delay lines would differ, due to the winding, the timing for
receiving the signals transmitted through these two individual 30
serpentine delay lines would show a time lag, and thus, a
common-mode noise would be induced. Obviously, the struc-
turing of the conventional serpentine delay line, as shown 1n
FIG. 1, does need further improvement.
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55
SUMMARY OF THE INVENTION

In view of the conventional serpentine delay line structure,
the winding or bending feature 1n the lining would result in
different signal-transmission lengths, and thus, a common- 60
mode noise 1s induced by the time lag 1n receiving the signals
travelling therethrough. Accordingly, 1t 1s the primary object
of the present invention to provide a serpentine delay line
structure where the bending portion of the serpentine delay
line pair 1s arranged to another dielectric layer, so as to avoid 65
transmission time lag by equalizing the travel paths in this
bending portion.
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In the present invention, the serpentine delay line structure
laid on a serpentine delay line structure includes a first ser-
pentine delay line pair, a second serpentine delay line pair, a
first transition serpentine delay line pair, a third serpentine
delay line pair and a second transition serpentine delay line
pair, and the substrate has a layout layer, a first dielectric
layer, a second dielectric layer and a grounding layer. The first
serpentine delay line pair, being laid or located on the layout
layer, includes a first serpentine delay line and a second
serpentine delay line, and these two serpentine delay line are
connected electrically at an mput end. The first serpentine
delay line 1s extended from the input end to a first via along a
first extension direction, and the second serpentine delay line
parallel to the first serpentine delay line 1s extended from the
input end to a second via along the same first extension
direction. The second serpentine delay line pair, parallel to
the first serpentine delay line pair on the same layout layer,
includes a third serpentine delay line and a fourth serpentine
delay line; 1n which the third serpentine delay line 1s extended
from a third via to a fourth via along a second extension
direction opposite 1n direction to the first extension direction,
and the fourth serpentine delay line parallel to the third ser-
pentine delay line 1s extended from a {ifth via to a sixth via
along the same second extension direction.

The first transition serpentine delay line pair, being laid on
the first dielectric layer, includes a fifth serpentine delay line
and a sixth serpentine delay line. The fifth serpentine delay
line 1s electrically connected with the first via and the fifth via
so as to establish an electric connection between the first
serpentine delay line and the fourth serpentine delay line. The
sixth serpentine delay line parallel to the fifth serpentine
delay line1s electrically connected with the second via and the
third via so as to establish an electric connection between the
second serpentine delay line and the third serpentine delay
line. The third serpentine delay line pair, parallel to both the
first serpentine delay line pair and the second serpentine delay
line pair and laid on the layout layer, includes a seventh
serpentine delay line and an eighth serpentine delay line, and
these two serpentine lines are electrically coupled at an output
end. The seventh serpentine delay line 1s extended from a
seventh via to the output end along the first extension direc-
tion, and the eighth serpentine delay line parallel to the sev-
enth serpentine delay line 1s extended from an eighth via to
the output end along the first extension direction. The second
transition serpentine delay line pair, being laid on the first
dielectric layer, includes a ninth serpentine delay line and a
tenth serpentine delay line; 1n which the ninth serpentine
delay line 1s electrically connected with the sixth via and
seventh via so as to establish an electric connection between
the fourth serpentine delay line and the seventh serpentine
delay line, and the tenth serpentine delay line parallel to the
ninth serpentine delay line 1s electrically connected with the
fourth via and the eighth via so as to establish an electric
connection between the third serpentine delay line and the
cighth serpentine delay line.

In one embodiment of the present invention, the second
serpentine delay line further includes a first main serpentine
delay line segment, a first transition serpentine delay line
segment and a first auxiliary serpentine delay line segment.
The first main serpentine delay line segment 1s extended from
the mput end and has a first width. The first transition serpen-
tine delay line segment 1s connected between the first main
serpentine delay line segment and the first auxiliary serpen-
tine delay line segment. The first auxiliary serpentine delay
line segment 1s extended to the second via and has a second
width. Preferably, the second width 1s smaller than the first
width. Further, the third serpentine delay line includes a sec-
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ond main serpentine delay line segment, a second transition
serpentine delay line segment and a second auxiliary serpen-

tine delay line segment. The second main serpentine delay
line segment 1s extended to the fourth via and has a third
width. The second transition serpentine delay line segment 1s
connected between the second main serpentine delay line
segment and the second auxiliary serpentine delay line seg-
ment. The second auxihiary serpentine delay line segment 1s
extended from the third via and has a fourth width. Preferably,
the fourth width 1s smaller than the third width.

In one embodiment of the present invention, the fourth
serpentine delay line further includes a third main serpentine
delay line segment, a third transition serpentine delay line
segment and a third auxiliary serpentine delay line segment.
The third main serpentine delay line segment 1s extended
from the fifth via and has a fifth width. The third transition
serpentine delay line segment 1s connected between the third
main serpentine delay line segment and the third auxiliary
serpentine delay line segment. The third auxiliary serpentine
delay line segment 1s extended to the sixth via and has a sixth
width. Preferably, the sixth width 1s smaller than the fifth
width. In addition, the seventh serpentine delay line includes
a Tourth main serpentine delay line segment, a fourth transi-
tion serpentine delay line segment and a fourth auxiliary
serpentine delay line segment. The fourth main serpentine
delay line segment 1s extended to the output end and has a
seventh width. The fourth transition serpentine delay line
segment 15 connected between the fourth main serpentine
delay line segment and the fourth auxiliary serpentine delay
line segment. The fourth auxiliary serpentine delay line seg-
ment 1s extended from the seventh via and has an eighth
width. Preferably, the eighth width 1s smaller than the seventh
width.

In one embodiment of the present invention, each of the
first serpentine delay line pair, the second serpentine delay
line pair, the third serpentine delay line pair, the first transition
serpentine delay line pair and the second transition serpentine
delay line pair can be formed by either microstrip lines or
embedded microstrip lines. In addition, the substrate can
turther include a grounding layer, and the substrate 1s lami-
nated 1n order by the layout layer, the first dielectric layer, the
second dielectric layer and the grounding layer.

By providing the serpentine delay line structure of the
present mvention, the bending portions of the serpentine
delay line are led to be constructed on another dielectric layer
so that the common-mode noise caused by communication
time lag resulting from different transmission lengths at these
bending portions can be substantially reduced.

Further, by providing the serpentine delay line structure of
the present invention, since the widths of the delay lines at the
cross-pass portions of the vertical segments and the horizon-
tal segments can be made thinner, the induced disadvanta-
geous capacitive effect can be reduced, such that better signal
integrity can be obtained.

All these objects are achieved by the serpentine delay line
structure described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be specified with reference
to 1ts preferred embodiment illustrated 1n the drawings, in
which:

FIG. 1 shows a conventional di
line structure;

FIG. 2 1s a top view of a preferred embodiment of the
serpentine delay line structure in accordance with the present
invention;
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FIG. 2A 1s an enlarged view of circle A of FIG. 2;
FIG. 2B 1s an enlarged view of circle B of FIG. 2;

FIG. 3 15 a schematic side view of FIG. 2;

FIG. 4 1llustrates the wavelorm analysis 1n the first time
domain between the preferred embodiment of the present
invention and the prior art;

FIG. 4A 1llustrates the wavetorm analysis 1n the first fre-
quency domain between the preferred embodiment of the
present invention and the prior art;

FIG. 5 1llustrates the waveform analysis 1n the second time
domain between the preferred embodiment of the present
invention and the prior art; and

FIG. 5A 1llustrates the waveform analysis in the second
frequency domain between the preferred embodiment of the
present invention and the prior art.

PR.
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DETAILED DESCRIPTION OF THE
EMBODIMENT

The invention disclosed herein 1s directed to a serpentine
delay line structure. In the following description, numerous
details are set forth in order to provide a thorough understand-
ing of the present mvention. It will be appreciated by one
skilled 1n the art that variations of these specific details are
possible while still achieving the results of the present inven-
tion. In other mstances, well-known components are not
described 1n detail in order not to unnecessarily obscure the
present invention. The same reference numeral denotes cor-
responding elements or parts of the embodiment and modifi-
cations of the mvention throughout the drawings.

Refer to FIGS. 2, 2A, 2B and FIG. 3, in which FIG. 2 1s a
top view of a preferred embodiment of the serpentine delay
line structure 1n accordance with the present invention. FIG.
2A 1s an enlarged view of circle A of FIG. 2. FIG. 2B 1s an
enlarged view of circle B of FIG. 2, and FIG. 3 1s a schematic
side view along line C-C of FIG. 2.

As shown 1n FIG. 2, the serpentine delay line structure 1 of
the present invention 1s laid on a substrate 100, in which the
substrate 100 1s consisted of and laminated in order by a
layout layer 1001, a first dielectric layer 1002, a second
dielectric layer 1003 and a grounding layer 1004, as shown 1n
FIG. 3. Namely, the layout layer 1001 1s layered on top of the
first dielectric layer 1002, the second dielectric layer 1003 1s
layered on top of the grounding layer 1004 but below the first
dielectric layer 1002. The dielectric coetlicient for the first
dielectric layer 1002 and the second dielectric layer 1003 can
be the same or different, for example 4.5 for both of them, and
also the height thereof can be the same or different. All these
parameters actually depend on the requirements and may vary
from time to time.

In this embodiment, the serpentine delay line structure 1
includes a first serpentine delay line pair 11, a second serpen-
tine delay line pair 12, a first transition serpentine delay line
pair 13, a third serpentine delay line pair 14 and a second
transition serpentine delay line pair 15, as illustrated 1n FIG.
2. However, 1n other embodiments, more delay line pairs can
be included.

The first serpentine delay line pair 11 1s laid on the layout
layer 1001 and 1s electrically integrated at an input end 200
thereof. As shown, the first serpentine delay line pair 11
includes a first serpentine delay line 111 and a second serpen-
tine delay line 112, 1n which the first serpentine delay line 111
1s extended from the input end 200 to a first via 2 along a first
extension direction L1, while the second serpentine delay line
112 parallel to the first serpentine delay line 111 1s extended
from the mput end 200 to a second via 3 along the same {first
extension direction L1.
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Practically, as illustrated in F1G. 2A, the second serpentine
delay line 112 includes a first main serpentine delay line
segment 1121, a first transition serpentine delay line segment
1122 and a first auxiliary serpentine delay line segment 1123.
The first main serpentine delay line segment 1121 1s extended
from the mput end 200 and has a first width W1. The first
transition serpentine delay line segment 1122 1s connected
with and located between the first main serpentine delay line
segment 1121 and the first auxiliary serpentine delay line
segment 1123, The first auxiliary serpentine delay line seg-
ment 1123 1s extended to second via 3 and has a second width
W2. Preferably, the second width W2 1s smaller than the first
width W1. Namely, the first transition serpentine delay line
segment 1122 1s tapered from the first width W1 to the second
width W2.

The second serpentine delay line pair 12 parallel to the first
serpentine delay line pair 11 1s laid on the layout layer 1001
and includes a third serpentine delay line 121 and a fourth
serpentine delay line 122. The third serpentine delay line 121
1s extended from a third via 4 to a fourth via 5 along a second
extension direction L2 opposing 1n direction to the first exten-
sion direction LL1. The fourth serpentine delay line 122 par-
allel to third serpentine delay line 121 1s extended from a fifth
via 6 to a sixth via 7 along the second extension direction L.2.

Practically, as illustrated in FIG. 2A, the third serpentine
delay line 121 includes a second main serpentine delay line
segment 1211, a second transition serpentine delay line seg-
ment 1212 and a second auxiliary serpentine delay line seg-

ment 1213. The second main serpentine delay line segment
1211 1s extended to the fourth via 5 and has a third width W3.
Preferably, the third width W3 1s equal to the first width W1.
The second transition serpentine delay line segment 1212 1s
connected between the second main serpentine delay line
segment 1211 and the second auxiliary serpentine delay line
segment 1213. The second auxihiary serpentine delay line
segment 1213 1s extended from the third via 4 and has a fourth
width W4. Preferably, the fourth width W4 1s smaller than the
third width W3. Namely, the second transition serpentine
delay line segment 1212 1s tapered from the third width W3 to
the fourth width W4.

Further, as illustrated n FIG. 2B, the fourth serpentine
delay line 122 icludes a third main serpentine delay line
segment 1221, a third transition serpentine delay line segment
1222 and a third auxihary serpentine delay line segment
1223. The third main serpentine delay line segment 1221 1s
extended from the fifth via 6 and has a fitth width W5. The
third transition serpentine delay line segment 1222 1s con-
nected between the third main serpentine delay line segment
1221 and the third auxiliary serpentine delay line segment
1223. The third auxiliary serpentine delay line segment 1223
1s extended to the sixth via 7 and has a sixth width Weé.
Preferably, the sixth width W6 1s smaller than the fifth width
W35. Namely, the third transition serpentine delay line seg-
ment 1222 1s tapered from the fifth width W5 to the sixth
width Wé.

The first transition serpentine delay line pair 13 1s laid on
the first dielectric layer 1002 and includes a fifth serpentine
delay line 131 and a sixth serpentine delay line 132. As shown
in FIG. 2, the fifth serpentine delay line 131 1s electrically
connected with the first via 2 and the fifth via 6, and thereby
turther connected electrically connected to the first serpentine
delay line 111 and the fourth serpentine delay line 122,
respectively. The sixth serpentine delay line 132 parallel to
the fifth serpentine delay line 131 laid right to the fifth ser-
pentine delay line 131 and 1s electrically connected with the
second via 3 and the third via 4, and thereby further electri-

cally connected to the second serpentine delay line 112 and
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the third serpentine delay line 121, respectively. In addition,
the fifth serpentine delay line 131 1s longer than the sixth
serpentine delay line 132, but both have the same width. It 1s
noted that the width for either the fifth serpentine delay line
131 or the sixth serpentine delay line 132 1s the same as each
ol the second width W2, the fourth width W4, the sixth width
W6 and the eighth Wldth W8, with W2 and W4 being shown
in FIG. 2A and W6 and W8 being shown 1n FIG. 2B. Never-
theless, 1n other embodiments, such an equal width 1s not
necessary.

As shown 1n FIG. 2, the third serpentine delay line pair 14,
parallel to first serpentine delay line pair 11 and the second
serpentine delay line pair 12, 1s laid on the layout layer 1001
and mcludes a seventh serpentine delay line 141 and an eighth
serpentine delay line 142, in which the seventh serpentine
delay line 141 and an eighth serpentine delay line 142 are
clectrically connected at an output end 300. The seventh
serpentine delay line 141 1s extended from a seventh via 8 to
the output end 300 along the first extension direction L1,
while the eighth serpentine delay line 142 parallel to seventh
serpentine delay line 141 1s extended from an eighth via 9 to
the output end 300 along the first extension direction L1.

Practically, as shown in FIG. 2B, the seventh serpentine
delay line 141 includes a fourth main serpentine delay line
segment 1411, a fourth transition serpentine delay line seg-
ment 1412 and a fourth auxiliary serpentine delay line seg-
ment 1413. The fourth main serpentine delay line segment
1411 1s extended to the output end 300 and has a seventh
width W7, equal to each of the first width W1, the third width
W3 and the fifth width W5. The fourth transition serpentine
delay line segment 1412 1s connected between the fourth
main serpentine delay line segment 1411 and the fourth aux-
liary serpentine delay line segment 1413. The fourth auxil-
1ary serpentine delay line segment 1413 1s extended from the
seventh via 8 and has an eighth width W8. Preferably, the
cighth width W8 1s smaller than the seventh width W7.
Namely, the fourth transition serpentine delay line segment
1412 1s tapered from the seventh width W7 to the eighth width
W8.

The second transition serpentine delay line pair 15 laid on
the first dielectric layer 1002 includes a ninth serpentine delay
line 151 and a tenth serpentine delay line 152. The ninth
serpentine delay line 151 1s connected electrically with the
s1xth via 7 and the seventh via 8, and thereby further electri-
cally connected to the fourth serpentine delay line 122 and the
seventh serpentine delay line 141, respectively. The tenth
serpentine delay line 152 parallel to the ninth serpentine delay
line 151 by locating right to the ninth serpentine delay line
151 1s eleetrieally connected with the fourth via 5 and the
eighth via 9, and thereby turther electrically connected to the
third serpentine delay line 121 and the eighth serpentine delay
line 142, respectively. In addition, the tenth serpentine delay
line 152 1s longer than the ninth serpentine delay line 151, but
with the same width. It 1s noted that the width for either the
ninth serpentine delay line 151 or the tenth serpentine delay
line 152 1s the same as each of the second width W2, the fourth
width W4, the sixth width Wé and the eighth width W8.
However, 1n other embodiments, such a limitation 1n width
and length 1s not necessary.

Furthermore, the first serpentine delay line pair 11, the
second serpentine delay line pair 12, the first transition ser-
pentine delay line pair 13, the third serpentine delay line pair
14 and the second transition serpentine delay line pair 15 can
be mndividually formed by normal microstrip lines or by
embedded microstrip lines.

Also, as shown 1n FIG. 2 A, the second serpentine delay line
112 and the third serpentine delay line 121 are tapered already
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before they both cross i space to pass the fifth serpentine
delay line 131. Namely, the first transition serpentine delay
line segment 1122 and the second transition serpentine delay
line segment 1212 are located on the same horizontal surface,
but the fifth serpentine delay line 131 1s on another horizontal
surface bottom to the aforesaid surface locating the first tran-
sition serpentine delay line segment 1122 and the second
transition serpentine delay line segment 1212. Similarly, as
shown in FI1G. 2B, the fourth serpentine delay line 122 and the
seventh serpentine delay line 141 are tapered already before
they both cross in space to pass the tenth serpentine delay line
152. Namely, the third transition serpentine delay line seg-
ment 1222 and the fourth transition serpentine delay line
segment 1412 are located on the same horizontal surface, but
the tenth serpentine delay line 152 1s on another horizontal
surface bottom to the aforesaid surface locating the third
transition serpentine delay line segment 1222 and the fourth
transition serpentine delay line segment 1412. Upon the
aforesaid arrangement, the common-mode noise can be fur-
ther prohibited.

By comparing the serpentine delay line structure 1 of the
present invention to the conventional differential serpentine
delay line structure PA1, test results are provided from FIGS.
4 and 4A, FIG. 5 and FIG. 5A; in which FIG. 4 illustrates the
wavelorm analysis of Voltage (V) and Time (ns) along the
vertical and horizontal axes, respectively, in the first time
domain between the preferred embodiment of the present
invention and the prior art (the common-mode noise wave-
form received at the output end), FIG. 4A 1llustrates the
wavelorm analysis of Parameter S (dB) and Frequency (GHz)
along the vertical and horizontal axes, respectively, in the first
frequency domain between the preferred embodiment of the
present invention and the prior art (the vertical axis [Scd21|
stands for the common-mode waveform recerved at the output
end), FIG. 5 illustrates the wavelorm analysis of Voltage (V)
and Time (ns) along the vertical and horizontal axes, respec-
tively, 1n the second time domain between the preferred
embodiment of the present invention and the prior art (the
reflective wavetorm received at the mput end), and FIG. 5A
illustrates the waveform analysis of Parameter S (dB) and
Frequency (GHz) along the vertical and horizontal axes,
respectively, 1n the second frequency domain between the
preferred embodiment of the present invention and the prior
art (the vertical axis 1Sdd11]| stands for the reflective wave-
form received at the input end).

As 1llustrated respectively i FIGS. 4 and 4A, FIG. 5 and
FIG. 5A, waveforms 1000, 3000, 5000 and 7000 are obtained
by simulating the differential serpentine delay line PA1, while
wavetorms 2000, 4000, 6000 and 8000 are obtained by simu-
lating the serpentine delay line structure 1 of the present
invention, as also illustrated respectively in FIGS. 4 and 4 A,
FI1G.5 and FIG. 5A. As shownin FI1G. 4 and FIG. 4 A, from the
comparisons between the wavetform 1000 and the waveform
2000 and between the waveform 3000 and the wavelorm
4000, 1t 1s noted that, either in the time domain or in the
frequency domain, from a differential mode to a common
mode, amplitudes for the wavetorms 1000 and 3000 are larger
than those for the wavetorms 2000 and 4000. Namely, by
applying the differential serpentine delay line structure 1 with
inter-layer changing layouts in accordance with the present
invention, the notorious common-mode noise can be success-
tully reduced.

As shown in FIG. 5 and FIG. SA, by comparing the wave-
torm 5000 to the wavetorm 6000 and the wavetorm 7000 to
the wavetorm 8000, 1t 1s also noted that, either in the time
domain or 1n the frequency domain, amplitudes of the wave-
tforms 5000 and 7000 are larger than that of the waveforms
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6000 and 8000. Namely, by applying the differential serpen-
tine delay line structure 1 with inter-layer changing layouts in
accordance with the present invention, the signal integrity can
be better ensured.

Further, for the present invention introduces the technique
of tapering the second serpentine delay line 112 and the third
serpentine delay line 121 prior to cross-passing the fifth ser-
pentine delay line 131 and the technique of tapering the fourth
serpentine delay line 122 and the seventh serpentine delay
line 141 prior to cross-passing the tenth serpentine delay line
152, the capacitive effect in these cross sections can be greatly
reduced, and thus better signal integrity can be achieved.

By providing the present invention, the conventional bend-
ing arrangement in the serpentine delay line structure has
been improved by the switching the layout to another dielec-
tric layer (the first dielectric layer), such that the transmission
time lag 1n these areas would be substantially avoided and
thereby the common-mode noise can be successiully
reduced.

Further, since the line width in the cross-passing areas 1s
reduced in the present invention, the capacitive effect would
be greatly decreased. Thus, the common-mode noise would
be reduced, and also the signal integrity for the circuiting can
be improved.

While the present invention has been particularly shown
and described with reference to a preferred embodiment, 1t
will be understood by those skilled in the art that various
changes 1n form and detail may be without departing from the
spirit and scope of the present invention.

What 1s claimed 1s:

1. A serpentine delay line structure, applied to a substrate
having a layout layer, a first dielectric layer and a second
dielectric layer, comprising;:

a first serpentine delay line pair, located on the layout layer,
the first serpentine delay line pair being electrically con-
nected at a common 1nput end thereot, the first serpen-
tine delay line pair further comprising:

a first serpentine delay line, extending from the input end
to a first via along a first extension direction; and

a second serpentine delay line, parallel to the first ser-
pentine delay line, extending from the input end to a
second via along the first extension direction;

a second serpentine delay line pair, parallel to the first
serpentine delay line pair, located on the layout layer, the
second serpentine delay line pair further comprising:

a third serpentine delay line, extending from a third via
to a fourth via along a second extension direction
opposite to the first extension direction; and

a fourth serpentine delay line, parallel to the third ser-
pentine delay line, extending {rom a fifth via to a sixth
via along the second extension direction;

a first transition serpentine delay line pair, located on the
first dielectric layer, the first transition serpentine delay
line pair further comprising:

a fifth serpentine delay line, electrically connected with

the first via and the fifth via so as to electrically con-
nect the first serpentine delay line and the fourth ser-
pentine delay line; and

a sixth serpentine delay line, parallel to the fifth serpen-
tine delay line, electrically connected with the second
via and the third via so as to electrically connect the
second serpentine delay line and the third serpentine
delay line;

a third serpentine delay line pair, parallel to the first ser-
pentine delay line pair and the second serpentine delay
line pair, located on the layout layer, electrically con-
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nected at an output end thereof, the third serpentine

delay line pair further comprising:

a seventh serpentine delay line, extending from a sev-
enth via to the output end along the first extension
direction; and

an eighth serpentine delay line, parallel to the seventh
serpentine delay line, extending from an eighth via to
the output end along the first extension direction; and

a second transition serpentine delay line pair, located on the

first dielectric layer, the second transition serpentine

delay line pair further comprising:

a ninth serpentine delay line, electrically connected with
the sixth via and the seventh via so as to electrically
connect the fourth serpentine delay line and the sev-
enth serpentine delay line; and

a tenth serpentine delay line, parallel to the ninth serpen-
tine delay line, electrically connected with the fourth
via and the eighth via so as to electrically connect the
third serpentine delay line and eighth serpentine delay
line.

2. The serpentine delay line structure of claim 1, wherein
the second serpentine delay line further includes a first main
serpentine delay line segment, a first transition serpentine
delay line segment and a first auxiliary serpentine delay line
segment, the first main serpentine delay line segment 1s
extended from the input end and has a first width, the first
transition serpentine delay line segment 1s connected to and
located between the first main serpentine delay line segment
and the first auxiliary serpentine delay line segment, the first
auxiliary serpentine delay line segment 1s extended from the
second via and has second width, and the second width 1s
smaller than the first width.

3. The serpentine delay line structure of claim 1, wherein
the third serpentine delay line further includes a second main
serpentine delay line segment, a second transition serpentine
delay line segment and a second auxiliary serpentine delay
line segment, the second main serpentine delay line segment
1s extended from the fourth via and has a third width, the
second transition serpentine delay line segment 1s connected
to and located between the second main serpentine delay line
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segment and the second auxiliary serpentine delay line seg-
ment, the second auxiliary serpentine delay line segment 1s
extended from the third via and has a fourth width, and the
fourth width 1s smaller than the third width.

4. The serpentine delay line structure of claim 1, wherein
the fourth serpentine delay line further includes a third main
serpentine delay line segment, a third transition serpentine
delay line segment and a third auxiliary serpentine delay line
segment, the third main serpentine delay line segment 1s

extended from the fifth via and has a fifth width, the third

transition serpentine delay line segment i1s connected to and
located between the third main serpentine delay line segment
and the third auxiliary serpentine delay line segment, the third
auxiliary serpentine delay line segment 1s extended from the
sixth via and has a sixth width, and the sixth width 1s smaller
than the fifth width.

5. The serpentine delay line structure of claim 1, wherein
the seventh serpentine delay line further includes a fourth
main serpentine delay line segment, a fourth transition ser-
pentine delay line segment and a fourth auxiliary serpentine
delay line segment, the fourth main serpentine delay line
segment 1s extended to the output end and has a seventh width,
the fourth transition serpentine delay line segment 1s con-
nected to and located between the fourth main serpentine
delay line segment and the fourth auxiliary serpentine delay
line segment, the fourth auxiliary serpentine delay line seg-
ment 1s extended from the seventh via and has an eighth
width, and the eighth width 1s smaller than the seventh width.

6. The serpentine delay line structure of claim 1, wherein
the first serpentine delay line pair, the second serpentine delay
line pair, the third serpentine delay line pair, the first transition
serpentine delay line pair and the second transition serpentine
delay line pair are all formed by one of microstrip lines and
embedded microstrip lines.

7. The serpentine delay line structure of claim 1, wherein
the substrate further includes a grounding layer, and the sub-
strate 1s laminated 1n order by the layout layer, the first dielec-
tric layer, the second dielectric layer and the grounding layer.
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